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[57] ABSTRACT 

An intraocular lens assembly including an adjustable- 
power lens assembly and an adjustment mechanism 
coupled between the lens assembly and the ciliary mus- 
cle of the eye in which the lens assembly is implanted 
for adjusting the power of the lens assembly in response 
to contraction or relaxation of the ciliary muscle. 

17 Claims, 2 Drawing Sheets 
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objects at all focal lengths (assuming the person has 
ACCOMMODATING INTRAOCULAR LENS 20/20 vision) are in focus. Hence, it is a significant 

drawback of the bifocal intraocular lens that it cannot 
BACKGROUND OF THE INVENTION pr0 vide the continuum of focal powers required to 

The present invention relates generally to surgical 5 permit clear focusing on close, distant and intermediate- 
implant devices and more particularly to intraocular ly-positioned objects. 

'^persons age, their eyes typically loose the ability SUMMARY OF THE INVENTION 

to change focus quickly and to clearly focus on close, An object of the present invention is to provide an 
distant and intermediately-positioned objects. Because 10 intraocular lens which will provide the human eye in 
of this loss of accommodation in the human eye, persons which is it implanted with an accommodation capability 
reaching their early forties often find it necessary to substantially equal to that of a typical young person's 
wear reading glasses to clearly focus on closely-posi- eye. 

tioned objects. Another object of the present invention is to provide 

An even more pronounced loss of accommodation 15 M intraocular lens which will permit the human eye in 
typically occurs when the crystalline lens is replaced by which it is i mp i ante d t0 change focus automatically in 
a conventional intraocular lens. Such replacement is ^ fa&hion w „ to rmit the to clear , focus on 
performed as is well known, m response to the forma. objccts p^,^ at closCf intermediate and distant 
tion of cataracts in the crystalline lens or when the locations 
crystalline lens is damaged by disease or injury. It has 20 v * *i. u- * r *u 

been recognized that with tini the ciliary muscle of the • J et ™ thcr ^*ct of the present invention is to pro- 
eye develops the ability to move the intraocular lens Vld * " '^niinodatmg intraocular lens i which is easily 
back and forth along its center axis, thereby changing ^P 1 *"*^ readily accepted by the human eye and 
the focal point of the light rays passing through the ^ funcUon ^actonly for an extended period of 
intraocular lens and reaching the retina. Less than one 25 tune * 

diopter of power change is believed to occur pursuant ^ d othcr ° b j«sto are achieved by an adjusta- 

to this movement. This minimal accommodation is in- ble-power intraocular lens comprising a lens assembly 
sufficient to permit an individual to focus on close and and an adjustment mechanism or haptics coupled be- 
distant objects, since 3 to 6 diopters of power change is tween the lens assembly and the ciliary muscle of the 
typically required to achieve this range of change in 30 eye. In a first embodiment of the present invention the 
focus. lens assembly comprises a single progressive power 

In an attempt to overcome loss of accommodation in lens. In this embodiment; the haptics are adapted to 
the eye* bifocal intraocular lenses have been developed. move the lens normally to the center axis thereof so as 
These lenses include a relatively thick center section . to progressively change the focal power of the lens. In 
comprising a minor portion of the entire diameter of the 35 a second embodiment of the present invention the lens 
lens and a relatively thin peripheral section surrounding assembly comprises a pair of compound lens positioned 
the center portion and having a thickness substantially so that their center axes are coaxial. In this second em- 
equal to that of conventional intraocular lenses. The bodiment the haptics are adapted to move the lenses 
thicker center section has a focal power that is selected t0 ward and away from one another along the center 
to permit the eye to focus on close objects and the thin 40 axes thereof so as to change the focal power of the lens 
peripheral section has a focal power that is selected to assembly. In a third embodiment of the present inven- 
permit the eye to focus on distant objects. tioil( a ^ of progrcssive lenses are positioned so that 

When an eye containing such a bifocal intraocular ^ centcr axes m coaxia j or extemJ fa ^ ^ 
lensisfocusedonaclc^object the ins of the eye closes ^ hi hcr sidc of one of ^ lenses 

denvn. As a result, only the light rays passing through 45 ^ opposed t0 the higher power side of 

2 K.r i ^!^v 2T k " 5 / ' f ' other - In this thirVembodiment, the haptics are 

whereby the closely-positioned object appears in focus. . . . * . ^. - 1 . , „ F . . 

On the other hand, when the eye is footed on distant ad ? tod t0 mOVe M of the ,cn f ™»&y* 

objects, the majority of light rays passing through the ccntcr 50 85 to PW»«vely change the focal 

bifocal intraocular lens pass through the peripheral 50 Power of the lens assembly. 

section thereof (because the peripheral section com- BRIEF DESCRIPTION OF THE DRAWINGS 

prises the majority of the bifocal intraocular lens), _ . . . . ■ , . 

whereby the distant objects appear in focus. Because . 0thcr ^J**** featurcs and advantages of the inven- 

only a small percentage of the light rays traveling tion are set forth in the following specific description of 

through the bifocal lens in an eye focused on a distant 55 a P referred embodiment of the invention and the ac- 

object pass through the thick center section, the mind is companying drawings wherem: 

able to ignore these rays with the result that these differ- FIG - 1 ls a front elevation view of the first embodi- 

ently-focused light rays are not visible. menl of Ae present invention, including a schematic 

Although the bifocal intraocular lens has improved representation of the ciliary muscle in which the first 

accommodation capabilities as compared to a conven- 60 embodiment is disposed; 

tional intraocular lens, the former does not provide the 2 is a side elevation view of the embodiment 

type and degree of accommodation provided by the " illustrated in FIG. 1; 

crystalline lens of a young person's eye. Specifically, p IG, 3 is a front elevation view of the second em- 

the bifocal intraocular lens refracts incoming light rays bodiment of the present invention, including a sche- 

such that viewed objects are in focus at substantially 65 matic representation of the ciliary muscle in which the 

only two focal lengths, typically close and distant. By second embodiment is disposed; 

way of contrast, a young person's eye varies the focus in FIG. 4 is a side elevation view of the embodiment 

analog fashion between close and distant objects so that illustrated in FIG. 3; 
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FIG. S is a front elevation view of a third embodi- 
ment of the present invention, including a schematic 
representation of the ciliary muscle in which the third 
embodiment is disposed; and 

FIG. 6 is a side elevation view of the embodiment 5 
illustrated in FIG. 5. 

In the drawings, like reference numerals refer to like 
parts* 


DETAILED DESCRIPTION OF THE 
INVENTION 


10 


Referring to FIGS. 1-6, the present invention is an 
accommodating intraocular lens comprising a lens as- 
sembly 20 and an adjustment mechanism, or haptics, 30 
coupled between the lens assembly and the sulcus of the 15 
ciliary muscle 40 of the eye in which the accommodat- 
ing intraocular lens 20 is implanted. Haptics 30 transmit? 
muscle motion from ciliary muscle 40 to lens assembly I 
20 so as to change the focal power of the latter, as de- 
scribed more fully heranaftej^^^^- — ■ — ' 20 

As is known, the ciliary muscle 40 surrounds the 
crystalline lens and has a roughly annular shape. As the 
ciliary muscle contracts and relaxes about its central 
axis, the diameter of the center aperture thereof de- 
creases and increases, respectively. This contracting 25 
and expanding motion is transmitted to the crystalline 
lens by zonular fibers which extend between the lens 
equator and the sulcus of the ciliary muscle. When the 
ciliary muscle relaxes, the center aperture thereof en- 
larges pulling the zonular fibers away from the lens. 30 
The zonular fibers in turn stretch the lens radially 
thereby decreasing the thickness and curvature thereof, 
and hence, decreasing the focal power of the lens. Al- 
ternatively, when the ciliary muscle contracts, the cen- 
ter opening thereof closes up allowing the zonular fibers 35 
to relax. This relaxation in turn removes the radial 
stretching force applied to the lens thereby permitting 
the lens to regain its normal thicker, more curved con- 
figuration. The lens has a higher focal power when in 
this thicker more curved configuration. 40 

Referring to FIGS. 1 and 2, the lens assembly 20 of 
the first embodiment of the present invention comprises 
a single progressive power convex lens 50 sized to fit 
within the capsule which encased the crystalline lens or, 
alternatively, sized to fit within the sulcus of the ciliary 45 
muscle slightly in front of the capsule which encased 
the crystalline lens. Lens 50 is preferably circular and 
preferably comprises a convex base power surface 52 
and a progressive power surface 54. Alternatively, base 
power surface 52 may also have a progressive power 50 
configuration, may be planar or may take the configura- 
tion of a fresnel lens. 

Progressive power outer surface 54 is also convex. In 
accordance with the conventional design of progressive 
power lenses, the radius of curvature of surface 54, as 55 
viewed in FIG. 1, measured along lines extending coin- 
cident or in parallel with the Y axis decreases substan- 
tially linearly from left to right along the X axis. This 
curvature is selected so that the focal point or plane of 
light rays passing through lens 50 and progressive outer 60 
surface 54 will vary depending upon where along the X 
axis of the latter the light rays pass. Light rays passing 
through the portions of progressive power surface 54 
having the smallest radius of curvature will converge at 
a focal point or plane that is closer to surface 54 than the 65 
focal point or plane at which those rays passing through 
portions of surface 54 having a greater radius of curva- 
ture will converge. 


The adjustment mechanism, or haptics, 30a of the 
first embodiment of the present invention is designed to 
transmit contraction and relaxation of the ciliary muscle 
to lens 50 so as to cause the latter to move back and 
forth along the X axis, as viewed in FIG. 1, substantially 
normally to the center or Z axis thereof, as seen in FIG. 
2. The center or Z axis extends through the diametrical 
center of base power surface 52 and progressive power 
surface 54 and extends normally to these surfaces at the 
diametrical centers thereof. 

In the most general sense, haptics 30a comprise two 
or more support members, each of which mechanically 
couple lens 50 to the ciliary muscle and are constructed 
to transmit the contraction and relaxation motion of the 
ciliary muscle to the lens so as to cause the lens to move 
back and forth along the X axis, as viewed in FIG. 1. 
The support members engage different portions of the 
lens and are formed so as to have specifically defined 
points of flexure. By selective positioning of the support 
members on the lens and by proper definition of the 
points of flexure of the support members, haptics 30a 
will cause lens 20 to move in a first direction along the 
X axis when the ciliary muscle contracts and in an op- 
posite direction along the X axis when the ciliary mus- 
cle relaxes. 

Referring to FIGS. 1 and 2, the haptics 30a of the first 
embodiment of the present invention may, for instance, 
comprise elongate arms 60, 62 and 64. Preferably, these 
arms are made from a plastic having suitable biological 
compatibility and selected flexure and strength charac- 
teristics. A central portion of each of these arms en- 
gages, is secured to, or is integral with the outer edge of 
lens 50, with the arms being positioned so that the cen- 
tral portion of each arm is separated by about 120* from 
the central portions of adjacent arms, as measured 
around the circumference of lens 50. More specifically, 
arms 60 and 64 slidingly engage the outer edge of lens 
50 and the center of arm 62 is attached to or is integral 
with the high power side of lens 50 at about the 3 o'- 
clock position, as seen in FIG. 1. Alternatively, as de- 
scribed in greater detail below, the low power side of 
lens 50 may be attached to the center of arm 62. Option- 
ally, an upstanding flange (not shown) may be provided 
running along the length of the inner edges of arms 60 
and 64 and a groove may be provided in the circumfer- 
ential edge of lens 50 for receiving the flanges with a 
sliding fit. Alternatively, a groove (not shown) may be 
provided running along the length of the inner edges of 
arms 60 and 64 and an upstanding flange (not shown) 
may be provided along the circumferential edge of lens 
50 for being received in the grooves with a sliding fit. 

Arms 60 and 64 are more resistant to flex along their 
length than arm 62. In addition, arm 62 is preferably 
biased to flex inwardly to the left along its length, as 
viewed in FIG. 1, when a compressive force is applied 
to the ends of arm 62. Alternatively, arm 62 may be 
biased to flex outwardly to the right, as viewed in FIG. 
1. These flexural characteristics are achieved, as one of 
ordinary skill in the art will readily appreciate, by selec- 
tive design of the arms and by proper choice of material 
used to fabricate the arms. As described in greater detail 
hereinafter, these flexural characteristics-are selected so 
that when the ciliary muscle contracts and relaxes, arms 
60, 62 and 64 will flex so as to cause lens 50 to move 
back and forth along the X axis, as viewed in FIG. I, 
normally to the center or Z axis, as viewed in FIG. 2. 

The haptics 30a of the first embodiment further com- 
prise curved end portions 70, 72 and 74. The thickness 
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and radius of curvature of the latter as well as the length tics. Each arm pair comprises two discrete portions 
of arms 60, 62, and 64, are selected to permit the end which are secured together at one end thereof and are 
portions to fit securely within the sulcus of the ciliary coupled to or integral with the lens 100 or 102 to which 
muscle 40, even when the latter is fully relaxed. they are attached at the opposite ends thereof More 
The ends of arms 60 and 62 are secured together at or 5 specifically, arm pair 104 comprises portions 104a 
are integral with end portion 70, the ends of arms 62 and (FIGS. 3 and 4) and 1046 (FIG. 4) which are positioned 
64 are secured together at or are integral with end por- adjacent to and are spaced slightly from one another, 
tion 72, and the ends of arms 60 and 64 are secured One end of portion 104a is attached to or is integral with 
together at or are integral with end portion 74. The lens 100, and one end of portion 1046 is attached to or 
lengths of arms 60, 62 and 64 are selected so that each of 10 is integral with lens 102. The other ends of portions 
the end portions 70, 72 and 74 is separated by about 120* 104a and 1046 are secured together, as described in 
from adjacent end portions, whereby the arms 60, 62 greater detail hereinafter. Similarly, arm pair 106 com- 
and 64 define a triangularly-shaped structure which fits prises portions 106a (FIGS. 3) and 1066 (not shown), 
securely within the sulcus of the ciliary muscle. Prefera- each having one end which is attached to lenses 100 and 
bly, arms 60 and 64 are secured to end portions 70, 72 15 102, respectively, and having opposite ends which are 
and 74 so as to lie along a first plane and arm 62 is attached together, as described in greater detail herein- 
secured to end portions 70 and 72 so as to lie along a after. Arm pair 108 comprises portions 108a (FIG. 3) 
second plane that is spaced from but extends in parallel and 1086 (not shown), each having one end which is 
with the first plane. Arms 60, 62 and 64 are positioned attached to or is integral with lenses 100 and 102, re- 
relative to lens 50 so that arm 62 extends substantially 20 spectively, and having opposite ends which are at- 
parallel to the Y axis, as viewed in FIG. 1. tached together, as described in greater detail hereinaf- 

The haptics 30a of the first embodiment illustrated in ter. 
FIGS. 1 and 2 are only exemplary of the structure the Arm pair portions 104a, 1046, 106a, 1066, 108a. and 
haptics may take. It should be appreciated that the hap- 1086 are relatively stiff along their length, as measured 
tics of the first embodiment may comprise a wide range 25 along axes extending radially outwardly from lenses 100 
of structure, the only requirements being that the hap- and 102. Furthermore, the arm pair portions have de- 
tics (a) securely support the progressive power lens 50 fined points of flexure at their ends. Thus, the arm pair 
within the eye and (b) translate the contraction and portions will flex at the ends thereof attached to lenses 
relaxation motion of the ciliary muscle into a force 100 and 102, as the case may be, will flex at the ends 
which moves lens 50 back and forth along the X axis, as 30 thereof which are attached together, and will tend not 
seen in FIG. 1, normally to the center or Z as seen in to flex along the length thereof. The arm pair portions 
FIG. 2. are further biased, as described in greater detail herein- 
Referring now to FIGS. 3 and 4, the lens assembly 20 after, so that when a radially inward force is applied to 
of the second embodiment of the present invention the ends of the arm pair portions which are attached 
comprises a pair of compound lenses 100 and 102 which 35 together, the ends of the arm pair portions which are 
are sized to fit within the sulcus of the ciliary muscle not attached together will spread apart from one an- 
slightly in front of the capsule which encased the crys- other. These flexural characteristics are achieved, as is 
talline lens. Lenses 100 and 102 are preferably circular, well known, by selective design of the arms and by 
have convex outer surfaces and have identical diame- proper choice of materials used to fabricate the arms, 
ters and focal powers. Alternatively, the lenses may 40 Preferably, each of the arm pairs 104, 106 and 108 is 
have different focal powers and may have piano-con- secured to lenses 100 and 102 so as to be substantially 
vex, fresnel or other outer surface configurations. equally spaced from adjacent arm pairs. Thus, each of 
The haptics 306 of the second embodiment are de- the arm pairs is spaced about 120* from adjacent arm 
signed to support lenses 100 and 102 in coaxial align- pairs. 

raent and to transmit contraction and relaxation of the 45 Haptics 306 further comprise curved end sections 

ciliary muscle 40 to the lenses 100 and 102 so as to cause 110, 112 and 114. The thickness and radius of curvature 

the latter to move toward and away from one another of the latter as well as the length of arm pairs 104, 106, 

along the center or Z (see FIG. 4) axes thereof, thereby and 108, are selected to permit the end sections to fit 

changing the focal power of the lens assembly. In the securely within the sulcus of the ciliary muscle 40, even 

most general sense, haptics 306 comprise two or more 50 when the latter is fully relaxed. The radially-outermost 

pairs of support members, which mechanically couple ends of arm pair portions 104a and 1046 are secured 

lenses 100 and 102 to the ciliary muscle 40. The support together at or are integral with curved end section 110, 

members are constructed to flex in a predetermined the radially-outermost ends of arm pair portions 106a 

manner so as to transmit the contraction and relaxation and 1066 are secured together at or are integral with 

motion of the ciliary muscle to the lenses, thereby caus- 55 curved end section 112, and the radially-outermost ends 

ing the lenses to move toward and away from one an- of arm pair portions 108a and 1086 are secured together 

other along their center axes. By selective positioning of at or are integral with curved end section 114. 

the support members on the lenses and by proper defini- The flexural bias of the arm pairs 104, 106, and 108 

tion of the points of flexure of the support members, and the thickness of lenses 100 and 102 must, of course, 

haptics 306 will cause lenses 100 and 102 to move 60 be selected, given the space constraints of the capsule 

toward one another along the center axes thereof when within which the accommodating intraocular lens is 

the ciliary muscle relaxes and away from one another implanted, to permit the lenses to reach maximum spac- 

when the ciliary muscle contracts. ing along the Z axis relative to one another. 

The haptics 306 of the second embodiment of the The haptics 306 of the second embodiment illustrated 

present invention may, for instance, comprise arm pairs 65 in FIGS. 3 and 4 are only exemplary of the structure the 

104, 106 and 108. Preferably, arm pairs 104, 106 and 108 haptics may take. It should be appreciated that the hap- 

are made from a plastic having suitable biological com- tics of the second embodiment may comprise a wide 

patibility and selected flexure and strength characters- range of structure, the only requirements being that the 
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haptics (a) securely support lenses 100 and 102 within instance* comprise elongate arms 220, 222 and 224 and 

the eye and (b) translate the contraction and relaxation elongate arms 226, 228 and 230. Both of these groups of 

movement of the ciliary muscle into forces which move arms are substantially identical to arms 60, 62 and 64 of 

the lenses 100 and 102 toward and away from one an- the exemplary first embodiment of present invention, 

other along their center axes. 5 Thus, arms 220-230 are made from a plastic having 

Alternatively, the second embodiment may comprise suitable biological compatibility and selected flexure 

more than two coaxially disposed lenses. In this case, and strength characteristics. A central portion of each 

the haptics are designed to move the lenses along the of the arms 220, 222 and 224 engages, is secured, to or 

center axes thereof so that when the ciliary muscle is integral with the outer edge of lens 200, with the arms 

contracts the focal power of the lens assembly increases 10 being positioned so that the central portion of each arm 

and when the ciliary muscle relaxes the focal power of is separated by about 120° from the central portions of 

the lens assembly decreases. Of course, the haptics must adjacent arms, as measured around the circumference of 

be designed and the thickness of the lenses selected so lens 200. Similarly, a central portion of each of the arms 

that the lens assembly can move through its full range of 226, 228 and 230 engages, is attached to, or is integral 

travel within the space provided in the capsule or the 13 with the outer edge of lens 202, with the arms being 

sulcus of the ciliary muscle in which the accommodat- positioned so that the central portion of each arm is 

ing intraocular lens is received. separated by about 120* from the central portions of 

Referring to FIGS. 5 and 6, the lens assembly 20 of adjacent arms, as measured around the circumference of 

the third embodiment of the present invention com- lens 202. 

prises progressive power lenses 200 and 202. The latter 20 More specifically, arm 224 is attached to the circum- 

are substantially identical to progressive power lens 50. ferential edge of lens 200 at the 3 o'clock position, as 

Thus, progressive power lens 200 has a convex base viewed in FIG. 5, and arm 230 is attached to the cir- 

power surface 204 and a progressive power surface 206, cumferential edge of lens 202 at the 9 o'clock position, 

and progressive power lens 202 has a convex base as viewed in FIG. 5. Thus, arm 224 is attached to the 

power surface 208 and a progressive power surface 210, 25 edge of the highest power portion of lens 200 and arm 

As with progressive lens 50, base power surfaces 204 230 is attached to the edge of the highest power portion 

and 208 may also be progressive, planar or may take the of lens 202. By this positioning, arms 224 and 230 extend 

configuration of a fresnel lens. substantially in parallel with one another and with the Y 

Lenses 200 and 202 preferably have an identical diam- axis. Arms 220 and 222 slidingly engage the ctrcumfer- 
eter and range and distribution as (measured along the 30 ential edge of lens 200 and arms 226 and 228 slidingly 
X axis in FIG. 5) of focal powers. Lenses 200 and 202 engage the circumferential edge of lens 202. Alterna- 
are positioned so that progressive power surface 210 of lively, lens 200 may be positioned so that its low power 
lens 202 faces base power surface 204 of progressive side is attached to arm 224, and lens 202 may be posi- 
power lens 200. Lenses 200 and 202 are also positioned tioned so that its low power side is attached to arm 230. 
so that the center or 2 axes (see FIG. 6) axes thereof arc 35 Optionally, an upstanding flange may be provided ex- 
coaxial or extend to parallel and lie on a plane extending tending along the length of the inner edge of arms 220, 
perpendicular to the X and Y axes, as seen in FIG. 5. 222, 226, and 228 and a groove may be provided in the 
Lenses 200 and 202 are further positioned so that the circumferential edges of lens 200 sized to receive the 
higher power side of the lenses, i.e. the side of the lenses flanges on arms 220 and 222 with a sliding fit and a 
having the smallest radius of curvature, are disposed in 40 groove may be provided in the circumferential edge of 
diametric opposition. lens 202 sized to receive the flanges on arms 226 and 228 

The adjustment mechanism, or haptics, 30c of the with a sliding fit. Alternatively, a groove (not shown) 

third embodiment of the present invention is designed may be provided along the length of the inner edge of 

to support lenses 200 and 202 so as to achieve the above- arms 220, 222, 226 and 228 and a flange (not shown) 

described relative positioning of the lenses. Haptics 30c 45 may be provided on the circumferential edges of lens 

are further designed to transmit contraction and relax- 200 sized to be received in the grooves in arms 220 and 

ation motion from the ciliary muscle 40 to lenses 200 222 with a sliding fit and a flange (not shown) may be 

and 202 so as to cause the lenses to move back and forth provided in the circumferential edges of lens 202 sized 

in opposite directions along the X axis, as viewed in to be received in the grooves in arms 226 and 228 with 

FIG. 5, normally to the center or Z axis, as viewed in 50 a sliding fit. 

FIG. 6. In the most general sense haptics, 30c comprise Arms 220 and 222 are more resistant to flex along 

four or more support members for mechanically cou- their length than arm 224. Similarly, arms 226 and 228 

pling the lenses 200 and 202 with the ciliary muscle 40. are more resistant to flex along their length than arm 

Two of the support members engage lens 200 and the 230. Preferably, arm 224 is biased to flex inwardly to the 

other two of the support members engage lens 202. 55 left, as seen in FIG. 5, when a compressive force is 

The support members are constructed to havespecifi- applied to the ends of arm 224. Preferably, arm 230 is 
cally defined points of flexure. The portions of lenses biased to flex inwardly to the right, as seen in FIG. 5, 
200 and 202 which are engaged by the support members when a compressive force is applied to the ends of arm 
and the flexure characteristics of the support members 230. Alternatively, arm 224 may be biased to flex out- 
are chosen so that (a) when the ciliary muscle 40 con- 60 wardly to the right and arm 230 may be biased to flex 
tracts, lens 200 is driven to the left along the X axis and outwardly to the left when compressive forces are an- 
iens 202 is driven to the right along the X axis, as plied to the ends of the arms. These flexural characteris- 
viewed in FIG. 5, and (b) when ciliary muscle 40 re- tics are achieved, as one of ordinary skill in the art will 
laxes lens 200 is driven to the right along the X axis and readily appreciate, by selective design of the arms and 
lens 202 is driven to the left along the X axis, as viewed 65 by proper choice of the materials used to fabricate the 
in FIG. 5. arms. 

Referring to FIGS. 5 and 6, the haptics 30c of the The haptics 30c of the third embodiment further corn- 
third embodiment of the present invention may, for prise curved bridges 240 and 242. The thickness and 
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radius of curvature of bridges 240 and 242, as well as the 
length of arms 220-230, are selected to permit the for- 
mer to fit securely within the sulcus of the ciliary mus- 
cle 40 even when the latter is fully relaxed. 

The ends of arms 220 and 224 are secured to or are 5 
integral with bridge 240, the ends of arms 220 and 222 
are secured together at a location that is radially inward 
of bridges 240 and 242, and the ends of arms 222 and 224 
are secured to or are integral with bridge 242. The ends 
of arms 226 and 230 are secured to or are integral with 10 
bridge 240, the ends of arms 226. and 228 arc secured 
together at a location that is radially inward of bridges 
240 and 242, and arms 228 and 230 are secured to or are 
integral with bridge 242. 

The lengths of arms 220, 222 and 224 are selected so 15 
that each of the curved bridges 240 and 242 are sepa- 
rated by about 180* from one another. Preferably, arms 
220 and 222 are secured to bridges 240 and 242 so as to 
lie along a first plane and arm 224 is secured to bridges 
240 and 242 so as to lie along a second plane that is 20 
spaced from but extends in parallel with the first plane. 
Preferably, arms 226 and 228 are secured to bridges 240 
and 242 so as to lie along a third plane and arm 230 is 
secured to bridges 240 and 242 so as to lie along a fourth 
plane that is spaced from but extends in parallel with the 25 
third plane. The first and second planes are spaced from 
and extend in parallel with the third and fourth planes. 

Arms 220-230 and bridges 240 and 242 are further 
sized and arranged so that when ciliary muscle 40 is 
completely relaxed, about the left third of lens 200 will 30 
overlap about the right third of lens 202. Similarly, 
when the ciliary muscle is fully contracted, about the 
right third of lens 200 will overlap about the left third of 
lens 202. 

The hap tics 30c of the third embodiment, as ill us- 35 
trated in FIGS. 5-and 6, are only exemplary of the struc- 
ture the haptics may take. Thus, it should be appreci- 
ated that the haptics of the third embodiment may com- 
prise a wide range of structure, the only requirements 
being that the haptics (a) securely support lenses 200 40 
and 202 within the eye, (b) translate contraction of the 
ciliary muscle 40 so as to cause lens 200 to move to the 
left along the X axis and lens 202 to move to the right 
along the X axis, normally to the Z axis arid (c) translate 
relaxation of the ciliary muscle so as to cause lens 200 to 45 
move to the right along the X axis and lens 202 to move 
to the left along the X axis, normally to the Z axis. 

Operation 

In the following description of the operation of the 50 
three embodiments of the present invention reference 
will be made to the exemplary versions of the embodi- 
ments described above and illustrated in FIGS. 1-6. As 
will be apparent to those of ordinary skill in the art, 
other versions of the three embodiments embraced by 55 
the present invention and not specifically illustrated or 
described above function in accordance with the oper- 
ating principles set out hereinafter. 

Referring first to FIGS. 1 and 2, the accommodating 
intraocular lens of the first embodiment of the present 60 
invention is implanted into an eye using conventional 
techniques for implanting known intraocular lenses. 
During the implantation procedure, curved end por- 
tions 70, 72 and 74 are inserted into the sulcus of the 
ciliary muscle. As note above, curved end portions 70, 65 
72 and 74 and arms 60, 62, and 64 are sized so that the 
end portions will remain disposed in the sulcus even 
when the ciliary muscle is completely relaxed. 
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When ciliary muscle 40 is completely relaxed, haptics 
30a assume the position illustrated in FIG. 1. In this 
position, arms 60, 62, and 64 are substantially straight 
and lens 50 is positioned so that its low power side, i.e., 
the left side as shown in FIG. 1, is substantially cen- 
tered, as measured along the X axis, within the aperture 
of the ciliary muscle. In this position, the low power 
side of lens 50 is on the center axis of the eye. As a result 
of this positioning, light rays reflected off distant ob- 
jects that pass through the low power side of progres- 
sive lens 50 will appear in focus. The mind is able to 
substantially ignore the differently-focused light rays 
which pass through the intermediate or high power side 
of lens 50 and reach the retina, with the result that the 
distant objects appear in focus. 

When ciliary muscle 40 begins to contract, curved 
end portions 70, 72, and 74 are forced radially inwardly. 
Because arm 62 is biased to flex inwardly and because 
arm 62 is more resilient and hence yielding than arms 60 
and 64, the radially inward force applied to curved 
portions 70, 72 and 74 causes the center of arm 62 to flex 
inwardly to the left along the X axis as seen in FIG. 1. 
The central axis of ciliary muscle 40 extends perpendic- 
ular to the X and Y axes, and coaxially with the Z axis, 
as seen in FIGS. 1 and 2. Arm 62 may be positioned to 
extend along a different plane than arms 60 and 64, as 
discussed above, to facilitate this flexure. 

Because arm 62 is attached to lens 50 at the 3 o'clock 
position, as arm 62 flexes inwardly, it pushes lens 50 
inwardly to the left as seen in FIG. 1. Because arms 60 
and 64 merely engage the circumferential edge of lens 
50, as arm 62 pushes lens 50 to the left the latter slides 
along the inner edge Of arms 60 and 64. As a result of 
their resilient nature, arms 60 and 64 tend to bow out- 
ward somewhat as lens 50 is pushed to the left along the 
X axis by arm 62. Thus, the radially inward force pro- 
vided by ciliary muscle 40 is translated by haptics 30a 
into a linear force which causes lens 50 to move to the 
left along the X axis. 

Upstanding flanges (not shown) may be provided 
extending along the inner edges of arms 60 and 64, and 
a groove sized to accommodate the flanges with a slid- 
ing fit may be provided on the circumferential edge of 
lens 50, as noted above, to ensure lens 50 remains en- 
gaged with arms 60 and 64 during the above-described 
sliding motion of the lens along the arms. 

As indicated above, the light rays which pass through 
that portion of lens 50 at the center of the aperture of 
ciliary muscle 40, as measured along the X axis, appear 
in focus. Other light rays passing through portions of 
progressive lens 50 which are not centered in the aper- 
ture of ciliary muscle 40 and which reach the retina of 
the eye will be out of focus. However, the mind is able 
to substantially ignore these other rays. 

When the person in whose eye the accommodating 
intraocular lens of the first embodiment is implanted 
changes his or her view from a distant to a close or 
intermediately-positioned object, the latter object will 
momentarily appear out of focus because the light rays 
reaching the retina will have passed through the lower 
power side of the lens. The person's mind recognizes 
this condition and applies appropriate stimuli to the 
ciliary muscle causing the latter to contract. As dis- 
cussed above, this contraction causes aim 62 to flex 
inwardly so as to cause progressive power lens 50 to 
move to the left along the X axis. The mind will cause 
the ciliary muscle 40 to contract and thereby move lens 
50 to the left as seen in FIG. 1 until that portion of 
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progressive power surface 54 having the "proper" ra- 
dius of curvature is positioned in the center of the aper- 
ture of the ciliary muscle. In this context, the proper 
radius of curvature is that radius which refracts the 
light rays reflected off the close or intermediately-posi- 5 
tioned object being viewed such that the object appears 
in focus. 

Thus, a closed-loop, constant feedback system exists 
between the mind and the ciliary muscle.. As the person 
in whom the intraocular lens of the first embodiment is 10 
implanted changes his or her view from an object posi- 
tioned at a first distance to an object(s) positioned at a 
second distance, the mind will cause the ciliary muscle 
to contract or relax as needed so as to cause progressive 
lens 50 to move to the left and right, respectively, along 15 
the X axis as seen in FIG. 1. This movement continues 
until the portion of the lens which refracts the incoming 
light rays such that the object(s) being viewed appears 
in focus is centered along the X axis within the aperture 
of the ciliary muscle. 20 

As discussed above, arm 62 may be provided with an 
outward bias and the progressive power lens 50 may be 
positioned so that the high focal power side is on the left 
of surface 54 and the low focal power side is on the 
right of surface 54. With this reversal of flexure and lens 25 
placement an accommodation capability can be 
achieved which is similar to that achieved with the 
exemplary version of the first embodiment discussed 
above. Thus, when a person focuses on a distant object 


ased, as measured along the Z axis in FIG. 4, and (c) are 
attached to curved end sections 110, 112 and 114, re- 
spectively, application of a radially inward force to the 
latter causes the radially innermost ends of the arm pair 
portions to spread apart along the Z axis. 

As noted above, the arm pair portions are relatively 
stiff along their length and are provided with defined 
points of flexure at their opposite ends. As such, the 
above-described spreading of the inner ends of the arm 
pair portions is achieved by (a) the flexing of the radial- 
ly-outermost ends of the arm pair portions relative to 
the curved end sections to which they are attached and 
(b) the flexing of the radially-innermost ends of the arm 
pair portions relative to lens 100 or 102 to which they 
are attached, as the case may be. Arm pairs 104, 106 and . 
108 are constructed in this manner to ensure the major- 
ity force applied radially inwardly to curved end sec- 
tions 110, 112 and 114 is translated into spreading forces 
extending parallel to the Z axis. 

As noted above, the radially-innermost ends of arm 
pair portions 104a 106a. and 108a are attached to the 
circumferential edge of lens 100 and the radially-inner- 
most ends of arm pair portions 1046, 1066 102. Because 
of this attachment, when muscle 40 contracts spreading 
the radially innermost ends of the arm pair portions 
away from one another along the Z axis, lenses 100 and 
102 are urged away from one another along their center 
or Z axis. As the spacing between lenses 100 and 102, as 
measured along the Z axis, increases, the overall thick- 


the ciliary muscle relaxes and the low power side of 30 ness and hence focal power of the lens assembly in- 


progressive power lens 50 is centered in the aperture of 
the ciliary muscle. When the person views a close or 
intermediately-positioned object, the ciliary muscle in 
response to input stimuli from the mind contracts so as 
to cause arm 62 to flex outwardly and thereby draw 35 
higher focal power portions of progressive power lens 
50 into the center of the aperture of ciliary muscle 40 
until the object appears in focus. 

Referring now to FIGS. 3 and 4, the accommodating 
intraocular lens of the second embodiment of the pres- 40 
ent invention is implanted into an eye in substantially 
the same manner as the accommodating intraocular lens 
of the first embodiment. Thus, curved end sections 110, 
112 and 114 are inserted into the sulcus of ciliary muscle 
40. Curved end sections 110, 112 and 114 and arm pairs 45 
104, 106 and 108 are sized so that the end sections will 
remain disposed in the sulcus even when ciliary muscle 
is completely relaxed. 

When ciliary muscle 40 is completely relaxed, haptics 


creases in continuous fashion. 

When a person in whose eye the accommodating 
intraocular lens of the second embodiment is implanted 
changes his or her view from a distant object to a close 
or intermediately-positioned object, the latter will mo- 
mentarily appear out of focus. In response, to this condi- 
tion, the person's mind generates stimuli which cause 
the ciliary muscle to contract. As described above, this 
contraction causes the haptics 30b to flex so as to spread 
lenses 100 and 102 apart and thereby increase, in analog 
fashion, the focal power of the lens assembly. When 
lenses 100 and 102 are properly spaced, the latter will 
refract the incoming light rays such that the close or 
intermediately-positioned object appears in focus. In 
response to this condition, the mind will stop supplying 
the contraction stimuli to the ciliary muscle. As a result, 
the ciliary muscle will remain in a partially or totally 
contracted state, as the case may be depending upon the 
focal power required, and resultantly the object being 


306 assume the position illustrated in FIG. 4. In this 50 viewed will remain in focus. 


position, the two portions of each of the arm pairs 104, 
106 and 108, under the bias designed into the latter, 
contact or nearly contact one another. By virtue of the 
attachment of lenses 100 and 102 to the arm pair por- 
tions, when the latter are drawn together lenses 100 and 55 
102 also contact or nearly contact one another. Thus, 
when the ciliary muscle is in the relaxed position, lenses 
100 and 102 are urged toward one another along their 
center or Z axis under the bias of haptics 306. In this 
position the overall thickness and hence focal power of 60 
the lens assembly is at a minimum. Thus, the lens assem- 
bly is positioned to permit the user thereof to focus 
clearly on distant objects. 

When ciliary muscle 40 begins to contract, curved 
end sections 110, 112 and 114 are forced radially in- 65 
wardly. Because both of the portions of each arm pair 
104, 106 and 108 (a) are attached together only at the 
radially outermost ends thereof, (b) are outwardly bi- 


As with the first embodiment, a closed loop, constant 
feedback system exist between the mind and the ciliary 
muscle which produces accommodation in the intraocu- 
lar lens of the second embodiment such that close, inter- 
mediately-positioned and distant objects can all be 
viewed in clear focus. 

Referring now to FIGS. 5 and 6, the accommodating 
intraocular lens of the third embodiment of the present 
invention is implanted into an eye using the same tech- 
niques employed for implanting the lenses of the first 
and second embodiments, as described above. During 
the implantation procedure, curved bridges 240 and 242 
are inserted into the sulcus of the ciliary muscle. As 
noted 

above, curved bridges 240 and 242 and arms 220-230 
are sized so that the bridges will remain disposed in the 
sulcus even when the ciliary muscle is completely re- 
laxed. 
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When ciliary muscle 40 is completely relaxed, haptics 
30c assume the position illustrated in FIG. 5. In this 
position, (a) arms 22O-230 are substantially straight, (b) 
lens 200 is positioned so that its low power side, i.e. the 
left side as viewed in FIG. 5, is substantially centered, as 5 
measured along the X axis, within the aperture of the 
ciliary muscle, and (c) lens 202 is positioned so that its 
low power side, i.e. the right side as viewed in FIG. 5, 
is substantially centered, as measured along the X axis, 
within the aperture of the ciliary muscle. Thus, in the 10 
position illustrated in FIG. 5, approximately the left 
third of lens 200 overlaps approximately the right third 
of lens 202. 

As a result of this positioning, light rays reflected off 
distant objects that pass through the low power side of 15 
progressive lenses 200 and 202, and hence through the 
center of the aperture of the ciliary muscle, will appear 
in focus. The mind is able to substantially ignore the 
differently-focused light rays which pass through the 
intermediate or high power sides of lenses 200 and 202 20 
and reach the retina, with the result that the distant 
objects appear in focus. 

When ciliary muscle 40 begins to contract, curved 
bridges 240 and 242 are forced radially inwardly. Be- 
cause arm 224 is biased to flex inwardly to the left as 25 
seen in FIG. 5, and because arm 224 is more resilient 
and hence yielding than arms 220 and 222, when a com- 
pressive force is applied to arm 224 the center of arm 
224 flexes inwardly to the left along the X axis as seen 
in FIG. 5. 30 

Because arm 224 is attached to lens 200 at the 3o'- 
clock position, as arm 224 flexes inwardly, it pushes lens 
200 inwardly to the left as seen in FIG. 5. Because arms 
220 and 222 merely engage the circumferential edge of 
lens 200, as arm 224 pushes lens 200 to the left the latter 35 
slides along the inner edge of arms 220 and 222. Thus, 
the radially inward force provided by ciliary muscle 40 
is translated by haptics 30c into a linear force which 
causes lens 200 to move to the left along the X axis. 

Similarly, when ciliary muscle 40 begins to contract, 40 
curved bridges 240 and 242 apply a compressive force 
to arm 230. Because arm 230 is biased to flex inwardly 
to the right as seen in FIG. 5, and because arm 230 is 
more resilient and hence yielding than arms 226 and 
228, the radially inward force applied to curved bridges 45 
240 and 242 causes the center of arm 230 to flex in- 
wardly to the right along the X axis as seen in FIG. 5. 

Because arm 230 is attached to lens 202 at the 9o'- 
clock position, as arm 230 flexes inwardly, it pushes lens 
202 inwardly to the right as seen in FIG. 5. Because SO 
arms 224 and 228 merely engage the circumferential 
edge of lens 202, as arm 230 pushes lens 202 to the right 
the latter slides along the inner edge of arms 226 and 
228. Thus, the radially inward force provided by ciliary 
muscle 40 is translated by haptics 30c into a linear force 55 
which causes lens 202 to move to the right along the X 
axis. 

Upstanding flanges (not shown) may be provided 
extending along the inner edges of arms 220 and 222, 
and a groove sized to accommodate the flanges with a 60 
sliding fit may be provided on the circumferential edge 
of lens 200, as noted above, to ensure lens 200 remains 
engaged with arms 220 and 222 during the above- 
described sliding motion of the lens along the arms. 
Similarly, upstanding flanges (not shown) may be pro- 65 
vided extending along the inner edges of arms 226 and 
228, and a groove sized to accommodate the flanges 
with a sliding fit may be provided on the circumferen- 


14 

tial edge of lens 202, as noted above, to ensure lens 202 
remains engaged with arms 226 and 228 during the 
above-described sliding motion of the lens along the 
arms. 

As discussed above, when the ciliary muscle is re- 
laxed, light rays reflected off distant objects which pass 
through the low power sides of lens 200 and 202 (which 
are positioned at the center of the aperture of ciliary 
muscle 40, as measured along the X axis) appear in 
focus. Other light rays passing through portions of pro- 
gressive lenses 200 and 202 which are not centered in 
the aperture of ciliary muscle 40 and which reach the 
retina of the eye will be out of focus. However, the 
mind is able to substantially ignore these other rays. 

When the person in whose eye the third embodiment 
of the present accommodating intraocular lens is im- 
planted changes his or her view from a distant to a close 
or intermediately-positioned object, the latter object 
will momentarily appear out of focus because the light 
rays reaching the retina will have passed through the 
lower power side of the lens. The person's mind recog- 
nizes this condition and applies appropriate stimuli to 
the ciliary muscle causing the latter to contract. As 
discussed above, this contraction causes arm 224 to flex 
inwardly to the left as seen in FIG. 5 so as to cause 
progressive power lens 200 to move to the left along the 
X axis. Similarly, inward contraction of the ciliary mus- 
cle causes arm 230 to flex inwardly to the right as seen 
in FIG. 5 so as to cause progressive power lens 202 to 
move to the right along the X axis. 

The mind will cause the ciliary muscle 40 to contract 
and thereby move lens 200 to the left as seen in FIG. 5 
and lens 202 to the right as seen in FIG. 5 until those 
portions of progressive power surfaces 206 and 210 
having the "proper** radii of curvature are positioned in 
the center of the aperture of the ciliary muscle. In this 
context, the portions having the "proper** radii of cur- 
vature are those portions which refract the light rays 
reflected off the close or intermediately-positioned ob- 
ject being viewed such that the object appears in focus. 

Thus, as with the other embodiments of the present 
invention, a closed-loop, constant feedback system ex- 
ists between the mind and the ciliary muscle. As the 
person in whom the intraocular lens of the third em- 
bodiment is implanted changes his or her view from an 
object positioned at a first distance to an object(s) posi- 
tioned at a second distance, the mind will cause the 
ciliary muscle to contract or relax as needed so as to 
cause progressive lenses 200 and 202 to move to the left 
and right along the X axis as seen in FIG. 5. This move- 
ment continues until those portions of the lenses which 
refract the incoming light rays such that the object(s) 
being viewed appears in focus are centered along the X 
axis within the aperture of the ciliary muscle. 

As discussed above, arms 200 and 202 may be pro- 
vided with an outward bias, progressive power lens 200 
may be positioned so that its high focal power side is on 
the left of surface 206, and progressive power lens 202 
may be positioned so that its high focal power side is on 
the. right of surface 210. With this reversal of flexure 
and lens placement an accommodation capability is 
achieved which is similar to that achieved with the 
exemplary version of the third embodiment discussed 
above. Thus, when a person focuses on a distant object 
the ciliary muscle relaxes and the low power sides of 
progressive power lens 200 and 202 are centered in the 
aperture of the ciliary muscle. When the person views a 
close or intermediately-positioned object, the ciliary 
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muscle in response to input stimuli from the mind con* 
tracts so as to cause (a) arm 224 to flex outwardly to the 
right as seen in FIG. 5 and (b) arm 230 to flex outwardly 
to the left as seen in FIG. 5. This flexure draws the 
higher focal power portions of progressive power 5 
lenses 100 and 102 into the center of the aperture of 
ciliary muscle 40 until the object appears in focus. 

It is to be appreciated that with the first embodiment 
shown in FIGS. 1 and 2, lens 50 could be formed so that 
a progressive power surface is formed on both surface 10 
52 and 54, with the higher power of one surface being 
coaxial along the viewing axis with the higher power of 
the other surface. A similar construction could be ap- 
plied to each of the lenses 200 and 202 of the third 
embodiment of FIGS. 5 and 6. 15 

Since certain changes may be made in the above 
apparatus without departing from the scope of the in- 
vention herein involved, it is intended that all matter 
contained in the above description or shown in the 
accompanying drawing shall be interpreted in an illus- 20 
trative and not in a limiting sense. 

What is claimed is: 

1. An adjustable-power intraocular lens comprising: 
lens means adapted for implantation in an eye, for 

causing light rays entering the eye to converge at a 25 
selected focal point or plane, the location of which 
varies along a first axis in analog fashion between 
first and second locations with movement of said 
lens means along a selected axis between first and 
second positions on said selected axis wherein said 30 
selected axis extends substantially perpendicular to 
said first axis; and 
adjustment means connected to said lens means and 
couplable to the ciliary muscle of said eye for caus- 
ing said lens means to move along said selected axis 35 
between said first and second positions in response 
to contraction and relaxation of said ciliary muscle. 

2. An adjustable-power intraocular lens according to 
claim 1 wherein said lens means comprises a progressive 
power lens. 40 

3. An adjustable-power intraocular lens according to 
claim 2 wherein said progressive power lens comprises 
a progressive power surface and a base power surface, 
said progressive power surface having a plurality of 
different radii of curvature arranged so that the radii of 45 
curvature increase continuously from a first side of said 
progressive power surface to a second diametrically 
opposed side of said progressive power surface. 

4. An adjustable-power intraocular lens according to 
claim 1 wherein said adjustment means causes said lens 50 
means to move (1) toward said first position when said 
ciliary muscle relaxes and (2) toward said second posi- 
tion when said ciliary muscle contracts. 

5. An adjustable-power intraocular lens according to 
claim 3, said adjustment means comprising at least two 55 
flexible support members coupled to selected portions 
of said progressive power lens and couplable to said 
ciliary muscle, each of said at least two support mem- 
bers having selectively defined points of flexure, said 
selected portions of said progressive power lens and 60 
said selectively defined flexure points of said at least 
two support arms being chosen so that (a) when said 
ciliary muscle contracts said at least two support mem- 
bers flex so as to cause said progressive power lens to 
move along said selected axis away from said first posi- 65 
tion and toward said second position and (b) when said 
ciliary muscle relaxes said at least two support members 
flex so as to cause said progressive power lens to move 
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along said selected axis away from said second position 
and toward said first position. 

6. An adjustable-power intraocular lens according to 
claim 5, wherein said second side of said progressive 
power surface is substantially centered in the aperture 
of said ciliary muscle, as measured along said selected 
axis, when said progressive power lens is in said first 
position and said first side of said progressive power 
surface is substantially centered in the aperture of said 
ciliary muscle when said progressive power lens is in 
said second position. 

7. An adjustable-power intraocular lens according to 
claim 5 wherein said at least two flexible support mem- 
bers comprise three elongate arms secured together so 
as to define a triangularly-shaped structure, one of said 
elongate arms being more flexible along its length than 
the other two elongate arms. 

8. An adjustable-power intraocular lens according to 
claim 7, wherein said one elongate arm is flexurally 
biased so that when a compressive force is applied to 
the ends of said one elongate arm a mid-length portion 
thereof will flex in the direction said progressive power 
lens moves when the latter is caused to move along said 
selected axis from said first position to said second posi- 
tion. 

9. An adjustable-power intraocular lens according to 
claim 1, wherein said lens means comprises first and 
second progressive power lenses positioned adjacent 
one another so that the center axes thereof (1) extend 
substantially in parallel, and (2) lie substantially along a 
plane which lies along said selected axis. 

10. An adjustable-power intraocular lens according 
to claim 9, wherein said first and second progressive 
power lenses each have a progressive power surface 
and a base power surface, said progressive power sur- 
faces each having a plurality of different radii of curva- 
ture arranged so that the radii of curvature increase 
continuously from a first side to a second side of said 
progressive power surfaces. 

11. An adjustable-power intraocular lens according 
to claim 10, wherein said first and second progressive 
power lenses are positioned so that said first side of said 
first progressive lens is diametrically opposed to said 
first side of said second progressive lens. 

12. An adjustable-power intraocular lens according 
to claim 9 further wherein: 

(a) when said lens assembly is in said first position, 
said first progressive power lens is in a first position 
and said second progressive power lens is in a sec- 
ond position; and 

(b) when said lens assembly is in said second position, 
said first progressive power lens is in a second 
position and said second progressive power lens is 
in a first position. 

13. An adjustable-power intraocular lens according 
to claim 12, wherein said adjustment means comprises: 

(a) at least two flexible support members coupled to 
selected portions of said first progressive power 
lens and couplable to said ciliary muscle, each of 
said at least two support members having selec- 
tively defined points of flexure, said selected por- 
tions of said first progressive power lens and said 
selectively defined flexure points of said at least 
two support arms being chosen so that (a) when 
said ciliary muscle contracts said at least two sup- 
port members flex so as to cause said progressive 
power lens to move along said selected axis away 
from said first position and toward said second 
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position and (b) when said ciliary muscle relaxes 
said at least two support members flex so as to 
cause said progressive power lens to move along 
said selected axis away from said second position 
and toward said first position; and 
(b) at least two flexible support members coupled to 
selected portions of said second progressive power 
lens and couplable to said ciliary muscle, each of 
said at least two support members having selec- 
tively defined points of flexure, said selected por- 
tions of said second progressive power lens and 
said selectively defined points of flexure of said at 
least two support arms being chosen so that (a) 
when said ciliary muscle contracts said at least two 
support members flex so as to cause said second 
progressive power lens to move along said selected 
axis away from said second position and toward 
said first position and (b) when said ciliary muscle 
relaxes said at least two support members flex so as 20 
to cause said second progressive power lens to 
move along said selected axis away from said first 
position and toward said second position. 
14. An accommodating intraocular lens comprising: 
at least one lens, the power of which is adjustable by 
moving said at least one lens along an axis between first 
and second focal positions, said at least one lens being 
designed for implantation in an eye having a ciliary 
muscle which is capable of expanding and contracting ^ 
radially about a central axis; and 
a haptic assembly, couplable to said at least one lens 
and adapted to transmit movement from the ciliary 
muscle of said eye to said at least one lens to that 
said at least one lens moves along said axis between 33 
said first and second focal positions in response to 
contraction and relaxation of said ciliary muscle, 


25 


wherein said axis extends substantially perpendicu- 
lar to said central axis of said ciliary muscle. 

15. An adjustable-power intraocular lens comprising: 
a first lens which is adapted for implantation in an 

eye; 

a second lens which is adapted for implantation in 
said eye proximate said first lens; and 

adjustment means connected to said first and second 
lenses and couplable to the ciliary muscle of the eye 
(1) for supporting said first and second lenses adja- 
cent one another so that the center axes thereof are 
substantially coaxial, and (2) for causing said first 
and second lenses to move (a) apart from one an* 
other along said center axes thereof in response to 
contraction of said ciliary muscle and (b) toward 
one another along said center axes thereof in re- 
sponse to relaxation of said ciliary muscle. 

16. An adjustable-power intraocular lens according 
to claim 15 wherein said adjustment means comprises a 
plurality of flexible support members coupled to se- 
lected portions of said first and second lenses and coupl- 
able to said ciliary muscle, each of said plurality of 
support members having selectively defined points of 
flexure, said selected portions of said first and second 
lenses and said selectively defined points of flexure of 
said plurality of support members being chosen so that 
(a) when said ciliary muscle contracts said plurality of 
support members flex so as to cause said first and second 
lenses to move along said central axes thereof away 
from one another and (b) when said ciliary muscle re- 
laxes said plurality of support members flex so as to 
cause said first and second lenses to move along said 
central axes thereof toward one another, 

17. An adjustable-power intraocular lens according 

to claim 15 wherein said first and second lenses have a 

convex outer surface. 

***** 
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